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THE  EFFECT  OF FAT AND  OF CARBOHYDRATE  DIETS 
ON  THE  EXCRETION  OF  CREATIN  IN  CASES  OF 
RETARDED  DEVELOPMENT.* 
BY  FRANCIS  H.  McCRUDDEN. 
(From the Hospital  of The Rockefeller Institute for Medical Research, 
New  York.) 
Creatin  is not a  normal constituent of human urine.  It occurs in 
the urine during  starvation and inanition,  and Cathcart 1 has  shown 
that  administration  of  carbohydrates  leads  to  its  disappearance. 
The disappearance of creatin from the urine of starving r~bbits may 
be brought  about  in  the  same  way.  2  Likewise  in  the  diabetes  in 
dogs  caused  by phloridzin,  the  feeding  of  carbohydrates  leads  to 
the disappearance of creatin. 8  Only carbohydrates have this  effect. 
Fat  does not  reduce  the creatin  excretion. 
It was observed by the writer that creatin was constantly excreted 
in certain  cases of retarded  development, and  preliminary  observa- 
tions  seemed  to  indicate  that  the  amount  of  creatin  excreted  was 
greater on a  diet rich  in carbohydrates than on a  diet  rich  in  fats.  * 
In view of the great interest and diversity of opinion regarding  the 
metabolism of creatin and creatinin  at the present time, and in view 
also of the bearing which the results might have in the clearing up 
of the nature  of the process in cases of retarded  development,  the 
unexpected results of my preliminary  observations, showing that on 
a  high  carbohydrate  diet  more  creatin  may be excreted  than  on  a 
high  fat diet,  seemed worthy of further  study.  The result of com- 
paring the effect of these two diets upon the excretion of creatin  in 
cases of retarded  development is given  in this  paper. 
Four  patients  were  used  for  the  observations.  Two  of  them, 
• Received for publication, February  24,  1912. 
Cathcart, Jour.  Physiol.,  19o9, xxxix,  31I. 
2  Mendel and  Rose, lout.  Biol.  Chem.,  1911, x, 213. 
• Cathcart and Taylor, Jour.  Physiol.,  I9IO, xli, 276. 
4  McCrudden, four.  Exper.  Med., 1912, xv, lO7. 
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F.  S.  and J.  P.,  have been referred  to in earlier papers,  5 E.  B.  was 
an achondroplasiac dwarf,  and M.  S.  a  cretin.  The observations on 
each patient were divided into three periods ,of four days each : firs.t, 
a  preliminary  period  during  which  the  food  consisted  of  the  usual 
mixed  diet  of the hospital;  second,  a  period  in  which  the  diet  was 
rich in fats;and  third,  a  period in which the diet was rich in carbo- 
hydrates. 
In the second period, as large amounts as possible of cream, olive 
oil,  and  butter  were  given;  the  meat,  consisting  of young  chicken, 
ham,  pork,  and  bacon,  was  selected  to  contain  as  much  fat as pos- 
sible; and the bread, potatoes, and sugar were reduced to the lowest 
quantities.  The bread  was  cut  thin  and  was thickly  smeared  with 
butter,  and the potatoes were mashed and  contained  as much mois- 
ture  and  butter  as  possible. 
In  the  third,  or  carbohydrate  period,  as  much  starchy  food  as 
possible  was  given.  No  butter  was  used,  and  instead  of  cream, 
separated milk, i.  e., milk  from which  the  fat had been almost com- 
pletely  removed,  was  given.  Moreover,  the  meat  selected  was  as 
lean  as  possible.  In the  diets  given below  the  solid  foodstuffs  are 
reported  in  grams,  the  liquids  in  cubic  centimeters.  The  results 
follow : 
Patient I.--F. S.,  boy,  II years old.  Diagnosis:  infantilism of the  type of 
Herter.  Height,  lO6.6 cm.  Weight  at  the  beginning  of  the  experiment,  22.I 
kilos; weight at the  end  of the  experiment,  22.3 kilos. 
I.  Preliminary  Period.--ISt to 4th day. 
II.  Fat-rlch  Period.  5th  day.  Breakfast.--Bread,  IO;  cocoa,  I25;  bacon, 
39.  Dinner?--Cream,  i6; bread,  12; sweet potato, 7o; mutton chop, 85; olive oil, 
3o.  Supper.--Bread,  12; bacon,  37;  cream, 40;  orange,  92; cocoa, 12o. 
6th day.  Breakfast.--Apple, 57;  toast,  15;  cream, 45;  cocoa,  Iio; lamb chop, 
85;  olive  oil,  30.  Din~er.--Bread,  io;  bacon,  42;  lamb  chop,  52;  olive  oil, 30. 
Supper.--Bread,  12; orange,  72;  cream, 5o;  cocoa, IiO; ham, 85;  olive oil, 3  o. 
7th  day.  Breakfast.--Apple, 60;  toast,  IO; cream, 50;  cocoa,  IiO; bacon,  35; 
olive  oil,  30.  Dinner.--Bread,  IO;  orange,  IO;  cream,  75;  mutton  chop,  5o; 
olive  oil, 30.  Supper.--Bread,  9; baked apple, 47;  cream, 75; cocoa,  IiO. 
8th  day.  Breakfast.--Apple,  35;  toast, 9;  cream, 6o;  cocoa,  iio;  lamb chop, 
47;  olive  oil, 30.  Dinner.--Sweet  potato,  35;  bread,  9;  cream,  50;  cocoa,  IiO; 
lamb chop, 60.  Supper.--Bread,  9; cream, 65;  cocoa,  IiO; apple, 50;  ham, 62. 
In addition,  d'uring  these  four  days  a  total  of  136  grams of butter and  13o 
grams of sugar was given. 
5 McCrudden,  loc. clt.;  McCrudden  and  Fales, ]our.  Exper. Med.,  I912, xv, 
113; McCrudden and Fales,  idem, 45o. 
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III.  Carbohydrate-rlch  Period.  9th  day.  Breakfast.--Grape  fruit,  116; 
toast, 29; separated milk, 15o.  Dinner.--Rice, 52; beef, 49; beans, 19;  biscuit, II; 
bread, 18;  tapioca and  fruit, 60.  Supper.--Bread,  29;  honey,  5;  separated milk, 
15o;  meat,  6o. 
zoth  day.  Breakfast.--Toast,  19;  marmalade, 20;  grape  fruit,  89;  separated 
milk,  15o.  Dinner.--Rice,  73';  bread,  24;  gelatin,  122;  honey,  16;  beef,  37. 
Supper.--Bread,  25;  jam, 22,; separated milk, 15o;  meat, 89. 
~Ith  day.  Break/ast.--Grape  fruit,  94;  toast, 20;  marmalade, 22;  beefsteak, 
67.  Dinner.--Bread,  20;  honey, 15;  rice, 75;  tapioca and  fruit,  115;  beefsteak, 
92.  Supper.--Bread,  28;  apple,  83;  jam,  20;  biscuit,  9;  meat,  85;  separated 
milk, 85. 
z2th  day.  Breakfast.--Orange, 142 ;  toast, 22 ;  marmalade, 20 ;  separated milk, 
15o.  Dinner.--Bread,  17;  rice, 83; gelatin, lO9;  honey,  IO; steak, 87.  Supper.-- 
BTead,  19;  meat, 65;  jam, 2o;  separated milk, 2o0. 
In addition, a  total of 33 grams of sugar was given during this period. 
Patient II.qJ.  P.,  boy,  17 years old.  Diagnosis: infantilism of the  type of 
~Herter.  Height,  118.2 cm.  Weight  at  the  beginning of  the  experiment, 22.2 
kilos; weight at the end  ~, 22.9 kilos. 
I.  Preliminary Period.--xst to 4th day. 
II.  Fat-rich Period.  5th day.  Break[ast.--Bread,  IO;  egg,  12o.  Dinner. T- 
Cream, 16; bread, 12; potato, 7o; mutton chop, 82; olive oil, 30.  Supper.--Bread, 
12;  cream,  5o;  sardines,  7;  orange,  85;  cocoa,  12o. 
6th  day.  Breakfast.--Apple,  44;  egg,  9o;  toast,  15;  cream,  75;  cocoa,  ioo; 
olive  oil,  3o.  Dinner.--Lamb  chop,  38;  potato,  4o;  bread,  IO;  olive  oil,  3o. 
Supper.--Bread,  12;  orange, 72;  onion,  IO;  salmon, 20;  olive oil, 3o. 
7th  day.  Break[ast.--Apple,  5o;  toast,  IO;  cream,  5o;  cocoa,  IiO;  egg,  92; 
lamb chop,  18;  olive oil, 30.  Dinner.--Potato,  18;  bread, IO; orange,  IO; cream, 
75; ehicken, 73;  olive oil, 3o.  Supper.--Bread, 9; egg, 45; cream, 75; cocoa, iio; 
baked apple, 47. 
8th  day.  Breakfast.--Apple,  35;  toast,  9;  cream,  6o;  cocoa,  iio;  egg,  25; 
olive oil, 15.  Dinner.--Sweet potato, 3'5; bread, 9;  cream,  5o;  cocoa,  iio; lamb 
chop,  6o.  Supper.--Bread,  9;  apple, 3o;  cream, 65;  cocoa,  IiO;  lamb chop,  34; 
olive oil, 30. 
In addition, a total of 215 grams of butter and 96 grams of sugar was given 
during this period. 
III.  Carbohydrate-rich  Period.  9th  day.  Breakfast.--Orange,  9o; toast, 29; 
separated  milk,  15o.  Dinner.--BTead,  18;  beans,  39;  potato,  49;  chicken,  38; 
biscuit,  9;  separated  milk,  15o.  Supper.--Bread,  38;  tomato,  42;  honey,  5; 
separated milk, 15o;  scraped beef, 6o. 
Ioth  day.  Breakfast.--Toast,  28;  marmalade, 6;  orange,  71;  separated' milk, 
15o.  Dinner.--Bread, 22;  potato, 5o; honey, 18;  gelatin, 122;  chicken, 6o; gravy, 
15.  Supper.--Bread,  25;  jam,  17;  separated  milk,  15o;  meat,  8o. 
Hth day.  Breakfast.--Apple, 6o; oatmeal, lOO; separated milk, 15o;  toast, 7; 
steak,  35-  Dinner.--Chicken,  42;  steak,  32;  bread,  19;  separated  milk,  15o; 
tapioca and  fruit,  IOO.  Supper.--Bread,  27;  jam, 20i apple sauce, 83; biscuit, 9; 
meat, 97;  separated milk, 15o. 
~Through  an  oversight,  some  banana  was  given  at  this  meal. 4:60  Effect  o/  Fat  on  Excretion  of  Creatin. 
12th day.  Breakfast.--Orange,  132; toast, 26; honey,  15;  separated milk, 15o. 
Dinner.--Bread,  3;  onion, 8;  chicken,  12;  potato,  I9;  gelatin,  50;  bread,  20; 
honey, II.  Supper.--Bread, 37;  steak,  IiO; tomato, 55; jam, 18;  separated'  milk, 
250. 
In addition, a total of 65 grams of sugar was given during this period. 
Patient III.--E.  B.,  boy, 4  years  old.  Diagnosis: achondroplasia.  Height, 
78 cm.  Weight at the beginning of the experiment, 14.8 kilos; weight at the end, 
14.5 kilos. 
I.  Preliminary Perlod.--ist to 4th day. 
II. Fat-rich Period.  5th  day.  Breakfast.--Baked  apple,  7o;  egg,  82;  bread, 
8; cream,  ioo; cocoa, 7o.  Dinner.--Chicken,  54; potato,  30; bread, 8; cream, 60. 
Supper.--Biscuit,  8; grapes, 25;  egg, 70;  bread, 8; cream, 75'; cocoa,  70. 
6th day.  Breakfast.--Orange juice, 100; bacon, 20; egg,  75; toast,  9;  cream, 
75; cocoa,  70.  Dinner.--Bread,  9; chicken,  70;  potato, 25;  jelly, 2o;  cream, --. 
Supper.--Bread,  8;  cream, 75;  cocoa,  70;  egg,  57- 
7th  day.  Breakfast.--Egg,  85;  toast, 8;  orange juice, 85;  cream,  65;  cocoa, 
7o.  Dinner.--Bread,  7;  pork,  62;  potato,  2o;  water,  200.  Supper.--Bread,  8; 
pork,  IOO; cream,  65;  cocoa, 9o;  apple,  5o. 
8th  day.  Breakfast.--Bacon,  15;  egg, 50;  cream,  75;  cocoa,  7o;  toast,  9; 
orange juice, ioo.  Dinner.--Bread,  8; potato, 20;  chicken, 35.  Supper.--Bread, 
8;  egg,  85; biscuit, 5;  cream, 95;  cocoa,  iio. 
In addition, during the whole period a  total of  113  grams of  sugar and  118 
grams of  butter was  used. 
III.  Carbohydrate-rich  Period.  9th  day.  Breakfast.--Toast,  27;  honey, 8; 
oatmeal,  100.  Dinner.--Meat,  50;  apple,  100; potato,  50.  Supper.--Bread,  I2; 
meat, 5o;  beans, 70;  honey,  IO; biscuit, 7. 
zoth  day.  Breakfast.--Cereal  ,  IOO; orange  juice,  IiO;  toast,  14;  separated 
milk, 15o.  Dinner.--Bread,  15; potato,  70; scraped beef, 50; jelly, 12.  Supper.-. 
Meat,  5o;  bread,  II;  apple,  54;  separated  milk,  15o;  biscuit, 22. 
zIth  day.  Breakfast.--Toast,  23;  orange,  12o; honey,  8;  scraped  beef,  45; 
separated  milk,  15o.  Dinner.--Beans,  5o;  potato,  5o;  meat,  50;  water,  200. 
Supper.--Bread,  17;  jelly, 8;  apple  sauce,  50;  potato,  5o;  roast beef,  29;  sepa- 
rated  milk,  200. 
I2th  day.  Breakfast.--Orange,  120; oatmeal,  17o;  toast,  IO;  honey, 5;  sepa- 
rated  milk, 50.  Dinner.--Potato,  4o;  meat, 50;  rice,  59;  water, 200.  Supper.-- 
Scraped  beef, 62;  bread,  15;  fruit, 67;  separated  milk,  15o. 
In addition, 132 grams of  sugar ~ere used during this period. 
Patient IV.--M. S., girl, 8 years  old.  Diagnosis: cretinism.  Height, 9o  cm. 
Weight at the beginning of  the  experiment,  16.9 kilos;  weight at  the  end,  17.3 
kilos. 
I.  Preliminary Period.--ist to 4th day. 
II.  Fat-rich  Period.  5th  day.  Breakfast.--Bacon,  7;  egg,  55;  toast,  7; 
orange juice, 85;  cream, 5o.  Dinner.--Baeon, 16; potato, 16;  bread, 4;  apple, 5o; 
cream,  50.  Supper.--Egg,  50;  cream,  50;  bread, 7;  apple  sauce,  35- 
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IOO.  Dinner.--Chicken,  45;  potato,  3o;  apple  sauce,  39;  cream,  50.  Supper.-- 
Egg,  40;  bread,  5;  cream,  75;  prunes,  25. 
7th day.  Breakfast.--Orange juice, IiO;  egg, 40;  cream, 80;  toast, 6.  Dinner. 
--Lamb chop, 53; bread, 5; apple sauce, 40;  cream, 55.  Supper.--Bread,  6;  egg, 
35 ;  cream, 80. 
8th day.  Breakfast.--Orange  juice, IiO;  egg, 30; bacon, 38;  bread, 3;  cream. 
60.  Dinner.--Pork, 55;  apple sauce, 50; bread, #; potato, 25.  Supper.--Egg, 4o; 
cream, 75;  bread, 4. 
In addition, a  total of 27 grams of sugar and  125  grams of butter was used 
during this period. 
III.  Carbohydrate-rich  Period.  9th day.  Breakfast.--Cereal,  IOO; jelly, 25; 
bread,  15;  separated  milk,  13o.  Dinner.--Potato,  5o;  scraped  beef,  50;  soup, 
I3O; bread, 15.  Supper.--Bread, I4; jelly, I5; gelatin, 40; separated milk, 13o. 
soth  day.  Breakfast.---Oatmeal,  80;  separated  milk,  I5o;  toast,  17;  jelly, 
I2.  Dinner.--Rice, 28;  beans, 42;  scraped beef, 4 I.  Supper.--Bread, 2o;  straw- 
berry jam,  30;  separated milk, 15o. 
xzth day.  Breakfast.--Orange  juice,  ioo;  hominy,  126;  separated milk,  150; 
toast,  I2;  jelly, IO.  Dinner.--Tomato, 63;  bread, 22;  bean  soup,  15o;  meat, 42. 
Supper.--Bread,  22;  jam, 23;  separated milk, 150. 
i2th  day.  Breakfast.--Cream  of  wheat,  92;  separated milk,  155;  toast, 22; 
strawberry  jam,  12.  Dinner.--Bean  soup,  15o;  roast  beef,  17;  spinach,  6o; 
potato, 62;  bread,  19.  Supper.--Bread,  22;  separated milk, 25o;  apple sauce, 72. 
I3th day.  Breakfast.--Apple,  52;  oatmeal, 96;  separated milk, 15o;  jelly, 20; 
toast,  15.  Dinner.--Chicken,  43;  potato,  50;  bread,  22.  Supper.---Bread,  28; 
separated milk, 21o;  jam, IO. 
In addition, during this period there was given a  total of 99 grams of sugar. 
RESULTS. 
TABLE  I. 
Patient,  F. S. 
Day. 
I 
2 
3 
4 
9 
IO 
II 
i2 
Period.  Total 
nitrogen. 
{  4.95 
Preliminary  4.56 
4-34 
4.95 
r  5.o4 
Fat-rich diet I  5.02 
i  4.03  4.3z 
Carbohy-  5.73 
6.42  drate-rich 
diet  9.94  8.26 
Creatinin 
plus 
creatin. 
I  0"530 
o.443 
0.455 
0.587 
0.580 
0.765 
0.572 
0.750 
0.666 
o.799 
1.3I~ 
0.952 
Creatinin. 
0.298 l 
0.270 
o.3x2 
0.250 J 
o.312 } 
o.338 
0.253 
0.320 
0.286 1 
0.261 
0.328 
0.340 
Averag, 
creatinit 
0.283 
0.306 
0.304 
Creatin. 
0"232 1 
0.I73 
o.I43 
o.337 ) 
o.268 
0.427 
o.319 
o.43o 
0.380 
o.538 
o.984 J 
o.612 J 
Average 
creatin. 
O.221 
0.362 
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TABLE  II. 
Patient,  J.  P. 
Day.  Period. 
I 
2  Preliminary - 
3 
4 
7  I Fat-rich diet. 
9  Carbohy-  {  io  i  drate-rich 
I I  I  diet 
Total 
nitrogen. 
5-34 
5.48 
5.9o 
6.76 
5-77 
4-77 
5.23 
3.61 
5.05 
6.43 
9.26 
8.42 
Creatinin 
plus creatin. 
0.502 
0.545 
0.635 
0.723 
o.567 
o.536 
o.596 
0.52I 
0.723 
O.8OO 
I.II7 
0.999 
Creatinin. 
0.354 ) 
o.373 
0.405 ( 
0.368 J 
0.354 
0.289  . 
0.33I 
O.329, 
0.405 ) 
0.415 
0.424 t 
0.432 J 
Average 
creatinin. 
0.375 
0.326 
o.319 
Creatin. 
0.148 
0.172 
0.230 
0-355, 
0.2z 3 
0.247 I 
0.2651 
0.192 
°"318 } 
0.385 
o.693 
o.567 
Average 
creatin. 
0.226 
0.229 
o.49x 
TABLE  III. 
Patient, E. B. 
Day.  Peried. 
1  f 
2  I 
Preliminary t  3  I 
4  L 
'  t 
6  I Fat-rich diet 
7  I 
8 
9  Jl Carbohy-  {  lO  ~"  drate-rich 
11  diet 
12 
Total 
nitrogen. 
5.68 
3.62 
4.7o 
3.4o 
4.06 
5.26 
3.76 
3.85 
4.76 
5.61 
6.57 
6.49 
Creatinin  plus  creatin. Creatinin. 
0.444  0.222 
0.389  0.214 
0.440  0.256 
0.370  0.203. 
o.381  0.202 l 
o.381  0.202 
0.289  O.184 
0.316  0.167 J 
o.491  0.263 
o.611  o.212 
0.694  o.243 
o.677  o.237, 
Average 
creatinin. 
0.224 
o.189 
0.239 
C,reatin.  Average  creafin. 
0.222  I 
o.175  i  o.411 
o.184 
o.167 J 
o.I79 } 
o.179 
O.lO5  0.342 
o.149 
0.228 } 
0"399  0.618 
0.451 
o.44o 
DISCUSSION. 
The data  show  that  the  creatin excretion is  higher on a  carbo- 
hydrate-rich diet than on a  fat-rich diet.  The creatin excretion in 
the third period was increased over that in the second period by 74 
per cent. in the case of F. S., by 115  per cent. in the case of J.  P., 
by 8I  per cent. in the case of E. B., and by 40 per cent. in the case 
of M.S.  On the average, this was an increase of about 76 per cent. 
The creatin excretion in the case of M. S. was so variable from day 
to day that perhaps too much emphasis ought not to be laid on the Francis H.  McCrudden.  463 
TABLE  IV. 
Patient, M. S. 
Day.  Period. 
2  Preliminary 
3 
4  L 
'l  l  6  Fat-rich diet 
7 
8  j  ( 
Io  Carbo- 
I I  hydrate- 
12  rich diet 
13 
Total  nitrogen. 
3.4I 
3.83 
3.8O 
4.29 
3.24 
3.7o 
4.96 
3.18 
3.86 
3.ox 
3.77 
4.O7 
3.99 
Creatinin  plus creatin. 
0.378 
o.455 
o.316 
o.437 
0.312 
0.390 
o.444 
0.277 
0.449 
0.380 
0.382 
0.437 
0.398 
Creatinin.  Average  }  creatmm. 
0.322 j  [ 
o.37o I 
o.3x6 |  o.339 
0.347 ) 
o.312 1 
0.312 I 
o.356 I  0.294 
o.2~7J 
0.339  I 
0.293  I 
o.332  ?  o.33o 
0.372  I 
O-3X5 J  I 
Creatin. 
0.057 ) 
0.085 '~ 
J 
0.000 } 
0.078 
o.o88 
0.060 
O.III } 
0.087 
o.o51 
0.065 
0.082 
Average  creatin. 
0.058 
0.055 
0.077 
fact  that its  average was  higher during the third period.  At  the 
same time, the presence of any creatin at all in the urine on a  diet 
rich in carbohydrates  is  surprising.  But in  the other three cases, 
the  increase was  striking,  the  average  excretion of  creatin being 
about double during the carbohydrate-rich period. 
The creatinin excretion was, on the whole, very constant and was 
not affected by the diet. 
The  results  presented here  are  different  from those heretofore 
obtained in studies of creatinuria, and show the inadequacy of the 
explanation that  has  previously been given  for the appearance  of 
creatin in the urine in conditions such as  diabetes and  starvation. 
According to this  explanation,  when the direct supplies of carbo- 
hydrate are cut off in these conditions, there is an increased catabo- 
lism of protein of the body tissues in order to  form the necessary 
amounts of carbohydrate, and this abnormally increased catabolism 
of  body  protein  is  accompanied by  the  production of  abnormal 
products, such as acetone and creatin.  But, as we have seen, after 
the ingestion of larger amounts of carbohydrates, the creatin does 
not disappear, but is increased. 
Wolf  9 has  recently called attention to  the  fact  that  he has  ob- 
S A  small amount of urine,  though probably  not more than  1/3o of the whole, 
was  lost  on  this  day,  so  that  the  correct  figures  would  be  even  a  little  higher 
than  those  given. 
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served creatin in the urine in cases where carbohydrate was present 
in the diet, but the cases he refers to are those of persons suffering 
from  typhoid  fever and  pneumonia. 1°  In  these  diseases,  there  is, 
due to the infection and the high temperature,  an increased  destruc- 
tion  of  body  protein,  and  this  destruction  cannot  be  entirely  pre- 
vented by the feeding of carbohydrates. 
From  the  fact  that  there  is,  on the whole,  rather  more  nitrogen 
excreted  in  the  third  period  than  in  the  second,  the  creatin  of the 
meat  in  the  food  will  suggest  itself  as  one  possible source  of the 
creatin  in  the  urine.  But  against  the  view that  the  creatin  comes 
wholly  from  the  meat  are  the  following  objections:  (I)  in  the 
earlier  observations creatin  was  found in the urine  on a  meat-free 
diet; n  and  (2)  the  amount  does  not  vary  with  the  amount  of 
nitrogen  excreted,  but  depends  more  on  the  amount  of  fat  and 
carbohydrate in the diet, than  on the amount of meat.  This can be 
observed in the tables in several instances.  It is seen,  for example, 
in table III on the fifth, sixth,  and tenth days.  On the fifth day the 
patient had, among other things,  54 grams of chicken and there were 
4.06 grams of nitrogen in the urine;  on the sixth day the amount of 
chicken was raised to 7  °  grams and the nitrogen of the urine rose to 
5.26 grams.  Yet on both days the amount  of creatin  excreted was 
the same.  On the ninth  and tenth days, the nitrogen  excretion was 
respectively a little below and a little above that of the sixth day; yet 
the creatin excretion for these days was higher,  and on the tenth day 
it was more than twice as high.  Still other examples may be found. 
These  considerations  exclude  the  possibility  that  either  the  whole 
or even a  large  part of the  creatin  of the  urine  depends  on varia- 
tions  in  the  amount  of the  ereatin  in  the  food.  But  they  do  not 
exclude the possibility that the source of some of the urinary creatin 
is  the creatin  of the  food. 
The constancy in the excretion of the creatinin and the great vari- 
ation  in the  excretion  of the  creatin  in  all  these  observations  lend 
support to the conception that the metabolism of creatin and that of 
creatinin  are independent  of each other.  Moreover,  these observa- 
tions are hardly  in accord with the  view that  ereatin  and  creatinin 
~Ewing and Wolf, Arch. Int. Med.,  I9o9, iv, 330; Wolf and Lambert, Arch. 
Int. Med., I9IO, v, 406. 
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are  easily  changed into  each  other  in  the  organism,  and  that  the 
sum of the two is of more importance than the amount of either one 
alone. 
The results  here presented are of importance with  reference to 
their bearing on creatin and creatinin metabolism, but the physiology 
of these compounds is not at present well enough understood to en- 
able us to show the bearing of ~the results on the nature of the proc- 
esses going on in infantilism.  Our findings are of considerable im- 
portance in relation to the cases under investigation, if we agree with 
Folin that creatin is a  foodstuff and, when fed, may appear in the 
urine, provided the state of nutrition of the body is high,  and the 
tissues  are saturated  with  creatin.  Rubner  12  has  pointed  out that 
two things are concerned in the process of growth :  (a)  the "tend- 
ency  to  grow,"  which  is  present  only  in  immature  animals  and 
without which no animal can grow, however well nourished it may 
be; and  (b)  the foodstuffs which furnish the material for growth. 
Thus  far in  our  investigations  we  have been unable  to  determine 
which of these two factors is at fault in the cases of infantilism of 
the type of Herter.  If,  however, Folin's view is confirmed, and the 
increased excretion of creatin on the carbohydrate-rich diet is taken 
to mean .that the state of nutrition of the body is high and that  for 
this  reason  a  greater  fraction  of  the  d'eatin  of  the  food  passes 
through  into  the  urine,  the  important  conclusion  must  be  drawn 
that the retarded development in these cases is due, not to an insuf- 
ficiency  in  the  materials  for  growth,  but  to  the  absence  of  the 
"tendency to  grow." 
Studies of other possibilities suggested by the results of the obser- 
vations reported in this paper are now under way. 
CONCLUSIONS. 
In two cases of infantilism of the type of Herter, in one case of 
achondroplasia, and in one case of cretinism, creatin was constantly 
present in the urine and was increased in amount when the ingestion 
of carbohydrates was increased. 
1~ Rubner,  Arch. f. Hyg.,  19o8,  lxvi, 81. 